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qecHU^Ñ}k+\�cNÛ�Ï�RjP�]`_^Î^cra�muk
_^hÖmtX?c[_MopX?c;k+c[q¨k+UIf�Ñ�U^f�k9_MÔ^ÔIcrX���\�UMk�U^h�ce×?�#c;f�mn]�c;hWk9a;Q
R~aj�Nmnk+\8k�\�cSU^k+\�crfj\*_Mototarw á _Moto>âºm¸a~\
UIagk"k+U�ag�#ceÍ
q;mt_^onmtê;c[Xºcr÷W|�mt��]�c;hWk8Ð*crv^UIh
X/k�\�cØagk�_Mh*X�_Mf9XJX�cek+c[q¨Í
k�U^f9a;Q"Réonc[_^XÖÔIot_Ia+a"X�cek+c[q¨k�U^f~�Nmnk+\�Ul{^c;f �^y^y Ð
onU?q9Î?a;w
|*agc[XJmth qeUIhlå)|�h
qek+mtU^h¤�Nmuk�\ºk+\�c5k9_MÔ^ÔIc;f[wj\*_^aÓÐ#c;crh
mth
agk�_^onotcrX/k+U°]�c[_^a+|�f+c�f�_IX?mt_Mk+mt{^c�X�crq;_�v?azUMÑ.k�\�cik
Í
]�c[agUIhlM �4O QVR~X�X�muk�mnUIh
_MoNX?c;k+crqek+UIf�aS�NmnotoN_Mo¸agU8Ð#c�mth?Í
agk�_^onotcrX�mth�U^f9X?c;f�k�U.]�cr_^a+|�f�c�k+\�c�Inm"onmnÑ�cek�mn]�c"{}m¸_�k+\�c
ÙCf+mt]`_MÎIUMd Þ dAcrqek8M ��O Q

A

B

C

17 existing and
3 replacement cryomodules 

5 new
cryomodules

5 new
cryomodules

17 existing and
3 replacement cryomodules 

Add arc
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s>mtÔ^|�f�c � Q�Z�\�c&Û�U^h?ß*Ô^|�f9_lk�mnUIh�Ñ�UIf�k+\�c'�
f+UI�*UWagc[X ��x
Õ cr�D_^qrqecroncrf�_Mk+U^f�|��
Ô^f9_^X?cÓ_lk�bWÏ�_^ÐpQ/i"cr� \�mnÔI\�c;f
ÔIf�_IX?mtc;hWkSqef�v^UI]�U?X?|
onc[a.�NmnotoCÐ#c�_IX�X?crX�_^h
X5f�c;��o¸_^q;c
a+U^]�c=ce×?m¸a)k�mnh
Ôºq;f+vIU^]�U?X?|�otcrarw�X?cronmt{^crf+mth�Ô �^�6Õ c;�
Ð#cr_^] k+U á _^ono¸ajRSwOâ _Mh
XÒÛjQOR~hÒ_^X
X?muk�mnUIh
_Mo�_Mf9q'U^Ñ
]`_^Ô^h�c;k�aN�Nmtono�Ð*crh
X�k+\
c'Ð*c[_M] _Mf�U^|�h
XzÑ�UIf"_Mh8_^X
X?muÍ
k�mnUIh
_Mo��
_^a�a'U^Ñ~_^qrqec;otc;f9_lk�mnUIhVX�c;otmn{Ic;f�mnh�Ô �[xÓÕ c;� k+U
k�\�c.h�cr� á _Moto�ÜSQ



�

s>mtÔ^|�f�c x Q�Û�RjÜ°X?f9_��Nmth�Ô�UMÑ}k+\�cC��f+UI�*UWagc[X �^�HÕ c;�8�43
P}|
�*crf á mtÔ^\ � U^]�c;hWk�|�] P}�*c[q¨k�c;f�U^]�cek�c;fÒæµP á�� P�ç
æÁonc;Ñ§k9ç2mth á _Moto�Û4�Nmuk�\Vk+\�c`c;×}m¸agk+mth�Ôo6 Õ c;�8�43 á mtÔ^\
� UI]�c;hWk+|�] P}�*c[q¨k�f+UI]�c;k+crf'æ�f�mnÔI\Ik¨ç

p�Ãrqn��s��WÇlÿ[È*ÅtcCú)uwvN�x�
Çlú�Éy�\z.û¥ú�Å>ÿ
b^c;d#crf�a+U^hÓÏ�_MÐÖmta~��f�cra+c;hWk+otv�X�c;{^cronUI��mth�Ô`��o¸_Mh
a"Ñ�U^f
_&]`_lå)U^f�|��
Ô^f9_^X?c�UMÑ�_^q;q;c;otc;f9_lk�U^f�_Mh
Xzce×?�#c;f�mn]�c;hWk9_Mo
ÑÁ_Iqemtonmnk+mtcrarQCZ�\�m¸a"|��
Ô^f9_^X?c2�Nmtono�X�U^|�Ð�otc.k�\�c.c;h�crf+ÔIv¼UMÑ
k�\�cS]`_^q9\
mnh�cIw
��f�Ul{}mtX�mnh�Ôz_`\�mtÔ^\�q;|�f+f�c;hWk �I�&Õ c;�8�43
cronc[q¨k+f�U^h»Ð*c[_M] k+ULk�\�cÒc;×?mtagk+mth�ÔLc;h
X}Í�agk�_lk�mnUIh
a�_Mh
X
��x�Õ cr�8�43�Ð*c[_M]ék+U'_.h�cr�òc;×?�*crf+mt]�c;hWk�_^o
_Mf�cr_�æ á _Moto
Ü2ç¨QHs
U^f á _^onoµã a`RSwHâ�wH_Mh
X6Ûjwª]S|
q9\LUMÑ~k+\�cÓc;×}m¸agkgÍ
mth�Ô`ce×?�#c;f�mn]�crhIk9_MoOc[÷I|
mn��]�crhIkj�Nmnoto�Ð#c'f�cek�_^mnh
crX�_Mh
X
k�\�mtaHcr÷W|�mt��]�c;hWkC�Nmtono�Ð#c~_^|�Ô^]�c;hWk�crX&�Nmuk�\`h�c;�6a+�*c[q¨Í
k�f+UI]�c;k+crf�a�_Mh
XòX?cek�crqek+U^f9a�X?cra+mnÔIh�crXØk+UVce×?��otU^mnk&k�\�c
h�cr�ö��\}v?agm¸q;aSU^�#U^f+k+|�h�mnk+mtcra�_ldAU^f9X?c[X5ÐWvVk�\�c�\�mtÔ^\
c;f
Ð#cr_^]�crh�c;f�Ô^vIQ á _MotoNÜ �NmnotoNqeU^h*agm¸a)k�UMÑj_^hò_^ono�h�c;�
ÑÁ_Iqemtonmnk)v`Ñ�U^f�k�\�c Õ ot|�c|{}M*6 O c;×}�#c;f�mt]�crhWkrQ
Z�\�c`c;h
c;f�Ô^v8|��
Ô^f9_^X?c�UMÑ�k+\
c¼_^q;q;c;otc;f9_lk�U^f.q;_^hVÐ#c
_Iq;qeUI]���onm¸a+\�crXz�Nmuk�\�mthÓk+\�cSce×?mtagk+mth�Ô`otmnh*_^q._Mh*XÖf+c[qemtfgÍ
q;|�ot_Mk+mtU^h�_^f�qNk+|�h�h
c;o¸a;QNæ¥P?c;c2s�mtÔ
Q � ç Þ _Iq9\`onmth
_IqNk+|
h?Í
h�cro.qeU^hWk9_Mmth
a x^y q;f+vIU^]�U?X?|�otcrarw"�N\�m¸q9\»��f�Ul{}mtX?c x ë
� �ÝU^Ñ�_^qrqec;otc;f9_lk�mnUIh8cr_Iq9\pQS�~hW|*agc[XÒa+�
_^q;cSmth�k�\�cra+c
k�|�h�h�crota'_^onotUl�"a2k�\�c�_^X
X?muk�mnUIh � ]�UIf+c¼q;f+vIU^]�U?X?|�otcra
U^Ñ>_�h�c;�¤X?c[agmtÔ^h�Ô^mt{}mnh�Ô�|���k�U � ë � � cr_Iq9\pQ�ð�hÖ_IX}Í
X?mnk+mtU^h�w � ce×?m¸a)k�mnh
Ô�q;f+vIU^]�U?X?|�otcra�mnhzcr_^q9\�_Mf9q"�NmtonoOÐ#c
f�c;��o¸_^q;crX.�Nmnk+\�]�U?X?|�otcra>UMÑ*k+\�c�h�c;��c;fªX?c[agmtÔ^h�wlÔ^mt{Wmth�Ô

�*crf��
_Ia+aCc;h�crf+ÔIvSÔW_Mmth
aCa+|=~¼qemtc;hWkCk�USa+|�����otv �^�jÕ cr�
k+U�k+\�c.c;×?mtagk+mth�Ô�\
_Moto¸a;Q�ð�h�U^f9X?c;f�k+U�Ð#c;h
Xzk�\�c.\�mtÔ^\�crf
c;h�crf+ÔIvÒÐ#cr_^]�arwªagUI]�c¼UMÑ�k+\
c�]`_MÔIh�cek9a.mnhØk+\�czf+c[qemnÍ
qe|�o¸_lk�mnUIhØ_Mf9q;a.�Nmtono�Ð#c¼f+cr��o¸_^qec[X5_Mh
X�_ �[y k�\Ø_Mf9q�UMÑ
]�_^Ô^h�c;k�aN�Nmtoto�Ð#cS_^X�X�crXOQ�Z�\�mta"ce×}k+f9_`_Mf9q��Nmnoto�Ð�f�mth�Ô
k+\�c&Ð*c[_M] k+\�f�U^|�ÔI\Ök+\�cSß
f9a)k~otmth
_^q2Ñ�UIfj_^hÓce×}k+f9_`_^qeÍ
qec;otc;f9_lk�mnUIhÓ�
_^a�aNÐ#ceÑ�UIf+c.k�\�cSh
c;� á _^ono�Üé�N\
mtq9\Ó�Nmtono
f+c[qec;mt{^c._�Ð#cr_M] UMÑ �[x�Õ c;�&Q
�jh�c�UMÑOk�\�c���\}v}a+m¸q;a�U^Ð?å)c[q¨k+mt{^c[aCU^ÑOk+\�c á _^onoOâL|��?Í
Ô^f9_^X?cÓ��o¸_Mh*a`mta¼k+\�cÒa)k�|
X?v°U^Ñ Õ c;h�crf�_^onmtê;c[XLÙª_^fgk�U^h
Ü~m¸a)k�f+mtÐ�|?k�mnUIh
a�M ë O QSð�hVU^f9X?c;fjk+UÓq;_^f+f�vÖU^|?k�k+\
mta._^h
X
UMk+\
c;fÓ��\}v?agm¸q;aÖ�
f+UIÔ^f9_M]`aÖ_lkÓ\�mtÔ^\�crfÓc;h�crf+ÔImnc[a;w�k+\
c
Û�Ï�RjPòa+�*c[q¨k+f�U^]�c;k+c;f��Nmtono�Ð#c�|
��Ô^f9_^X?c[X5k+UV\
_^h
X?otc
\�mnÔI\�c;f~on|�]�mth�UIa+mnk+mtcrarw�\
_�{^c._�]�U^f�c.qeUI]��
onc;k+c'qeUl{Ic;f+Í
_MÔ^c.U^Ñ�k+\�c.ß*h
_Mop\*_^X?f�U^h�m¸q.agk�_lk�c'_Mh
Xzk�U¼ce×}k+crh
X�k+\
c
�
_Mf+k+m¸qeotc8m¸X?c;hWk+mnß*qr_lk+mtU^hLk�UØ\�mtÔ^\�crf¼]�U^]�c;hWk�_
QºZ�\
c
ce×?mtagk+mth�Ô`Û�Ï�RjP¼ag|��#c;f9qeUIh
X?|
qek+mth�Ô.k�U^f�U^m¸X��NmnotoAÐ*cjf+c;Í
k�_Mmth�c[XOwIÐ
|?k�]`_Mh}v&UMÑAk+\�c�X?cek�crqek+U^fC�
_^q9Îl_MÔIcra��Nmtono#Ð#c
f+cr��ot_Iqec[Xz_^onotUl�Nmnh
ÔSk�\�c.X?c;{}m¸qec2k+U�Ð#c.f+|
h�_MkN_�ot|�]�muÍ
h�UIa+muk)v.U^Ñ �ry'@0� qe] < Xra < V�w^_^Ð*UI|?k�_"ÑÁ_^qek+U^f�U^Ñ�k+crhS]�U^f�c
k+\
_^hzk�\�c.qe|�f�f�c;hWk�qr_M�
_^Ð�mtonmnk)v^QªZ�\�c.qecrhWk+f9_MopX?c;k+crqek+UIf
_Mh
Xzk�_^f+ÔIcek��NmnotopÐ#c.]�Ul{^crX�|��
agk+f�cr_^]�QHZ�\
mta��Nmtono�_MonÍ
onUl�¤Ñ�UIf�X?c;k+c[q¨k+mtU^hÒUMÑCa+]`_Motoncrfj_Mh
Ô^otc&a�q;_lk+k+crf+mth�Ô�_^h
X
_�]�UIf+c2qeUI]���onc;k+c'X?c;k+c[q¨k+mtU^hÖU^Ñ�k+\
c2ß
h
_Mo�a)k9_lk+cIQ
Z�\�c á _Moto�RL|���Ô^f9_^X�c��Nmtono?f�cek9_MmthSk�\�c�k)��U2c;×}m¸agk+mth�Ô

1 Õ c;�2�43~ag�#crqek+f�U^]�cek�c;f9aC_Mh*X¼_^X�X`_Sh�c;�/a+�#crq¨k�f+UI]�Ícek+crfrQîÙª_Mf+k¼UMÑ.k�\�c�|��
Ô^f9_^X?c8�
\Wv?a+mtqra¼��f�U^ÔIf�_^]ñÑ�UIf
á _Moto"R mnh}{IU^ot{^cra&k�\�cÖ]�c[_^a+|�f�c;]�c;hWk�UMÑ�a+��mthLagk+f�|
qeÍ
k+|�f�c~Ñ�|
h
q¨k�mnUIh
a�mnh�X?c;cr��mth�c;o¸_^agk+m¸qja�q;_Mkgk�c;f�mnh�Ô*Q>Rja�on|?Í
]�mth�UWagmnk+mtcra`�Nmnk+\=�#U^o¸_Mf�mnêrcrX°k�_^f+ÔIcek�a�_^f+cÖotUl�.wHk+\
cra+c
]�c[_^a+|�f�c;]�c;hWk�aH�Nmnoto
Ð#cj_^mtX?c[X�Ð}v'k+\
c~o¸_Mf�Ô^cNagUIonm¸X`_Mh�Í
Ô^otc'UMÑ�k+\
cS��f�U^�#UIa+crXLí � crX?mt|�] R~qrqec;��k�_Mh*qecSÜjcek�crq¨Í
k+U^f9ï�æ � R~Ü2ç¨Q�Z�\
c � RjÜ¤�NmnotoA\
_�{^cj_&a+U^otmtX�_Mh�ÔIoncjUMÑ
�Z� ]`a+f.�N\�c;h5UI�*crf�_Mk+crXV_lkS_^h � ë (*��� a�q;_Mkgk+crf+mth�ÔÓ_Mh�Í
Ô^otc�c;×?�
_Mh
X�mnh�Ô�k�U �Iy ]`a+f��N\
c;h5_lk �'�'� _Mh
XV_MÐ#Ul{^cIQ
Z�\�mta�ag�#crqek+f�U^]�cek�c;f`�Nmtono~q;U^h
a+m¸a)k`UMÑ�k)��UVq;U^]SÐ
mnh�c[X
Ñ�|�h
q¨k�mnUIh°X?mt�*UIonc;Í²÷W|
_IX?f�|��*UIonc`]`_^Ô^h�c;k�a.�Nmnk+\°_Óq;c;h?Í
k+f9_Mop]�U^]�crhIk�|�] U^Ñ�|��Ök�U �¼Õ c;�2�43�_Mh
XÖ_�]�U^]�c;h?Í
k+|�] _^qrqec;��k�_Mh*qec�UMÑ�� �Z�Iì Q
Z�\�c á _^ono�Ûò|��
Ô^f9_^X?c~k�_MÎIcra�_^X?{l_MhWk9_MÔ^c~UMÑpk�\�cjc;×}Í
mtagk+mth�Ô á�� PÓa+�*c[q¨k+f�U^]�c;k+c;f"k+\
_Mk~mtaj_Motf+c[_^X?vzq;_M�*_MÐ�otc
UMÑg6 Õ cr�2��32�N\�m¸q9\Ó�Nmnoto�Ð#c&q;U^]���otc;]�c;hWk�crXÓÐ}vÖqeU^h�Í
a)k�f+|
qek+mth�ÔØ_Vh�c;� í�P?|��*crf á mtÔ^\ � UI]�c;hWk+|�] P}�#crq¨Í
k+f�U^]�cek�c;f9ï8æ¥P á�� P�ç~�Nmuk�\Ò_`]`_M×}mt]S|
] ]�UI]�crhWk+|�]
UMÑ �^��Õ cr�2��3lQ5æÁs>mnÔ*Q x ç.s�UIfSagmth�ÔIonc¼�*_Mf+k+m¸qeotc¼X?cek�crq¨Í
k+mtU^hpw*k+\�c�P á�� P��Nmtoto�_MototUl�J]�cr_Iag|
f+cr]�crhWk�a"_Mk"\�mnÔI\
�9X�Ul{Ic;fÖ_Ø�Nm¸X?c5f�_^h�Ô^c�UMÑ8��Q s�UIfÓP á�� P»mnhºqeU^Í
mnh
q;mtX�c;h
q;c¼�Nmuk�\5k+\�c á�� PAw>X?c;cr�?Í²ce×�qeot|
a+mn{Ic�a�q;_Mkgk�c;f+Í



1

mnh
Ô/æ�o¸_Mf�Ô^c��9XÖ_Mh
X=a+]`_Moto��gç��Nmnoto"Ð#c�_V]�_Må)U^f�|
a+c
UMÑªk�\�c'|���ÔIf�_IX?crX�\
_^onoµQ"Z�\�c&P á�� PÓX�cra+mnÔIh8qeU^h*agm¸a)k9a
UMÑ�k)��U~a+|��#c;f9qeU^h*X?|
q¨k�mnh
Ôj÷W|
_^X�f+|��#U^otcrapÑ�U^otonUl��crX2Ð}v._
qeUI]SÐ�mth�crX�Ñ�|
h
q¨k�mnUIhSX?mt�*UIonc;Í²÷W|
_IX?f+|
�*UIoncª]`_MÔIh�cek�_^h
X
�Nmnoto}\
_�{^c�_"]�U^]�c;hWk�|�]4_^qrqec;��k�_Mh*qecCU^Ñ�|��'k�U^� x^yWì Q
Z�\�c~]�mth�mt]S|�]Ýa+qr_lk+k+c;f�mth�Ô'_Mh�ÔIonc~�Nmnoto
Ð#c �=(*� � �N\�c;f�c
mukj�Nmnotop\
_�{Ic2_�a+U^otmtX�_Mh
Ô^otc�U^Ñ x ]`agf[QHR�k"ot_^f+ÔIc;fNa�q;_lk+Í
k+crf+mth�Ô¼_Mh
Ô^otcrarw?k+\�c'a+U^otm¸X�_^h�Ô^otc'q;_^hÖÐ*c.mth
qef�cr_Iagc[X¼k�U
1 ]`a+f~Ð}vz]�Ul{}mth�Ô`k+\
c']`_MÔ^h
cek�aj_Mh
XÓX�cek+c[q¨k�U^f~�*_^q9ÎWÍ_MÔIcCqeotUIa+c;f�k+UNk�\�cCk9_Mf�Ô^c;krQ�Z�\�m¸a>ag�#crqek+f�U^]�cek�c;f[wr�N\�m¸q9\
�Nmnoto�Ô^mt{^c`]�U^]�c;hWk�|�]Bf+c[agUIon|?k�mnUIh
a2k)v}��m¸q;_^onotvÒÐ#cek+k+crf
k+\
_^h � � �ry)<	@ w��Nmnoto^\*_�{^cH_g�
c;×}mtÐ�otcCX?c;k+crqek+UIf��
_Iq9Î�_^Ô^c
k+UÖ\
_^h
X?otc&�
_^fgk�mtq;onc�ð)ÜÝUl{^crf"k�\�c�]�UI]�c;hWk+|�]Df�_^h�Ô^c
UMÑ>k+\�c.]`_^Ô^h�c;krQ
Z�\�c�|���Ô^f9_^X�crX�_^q;q;c;otc;f9_lk�U^f>�Nmnoto�X?c;otmt{^c;fH_ ��x�Õ cr�
Ð*c[_M]õk+U á _^ono"Ü �N\�c;f�cÓ_VX�mt_^]�UIh
Xòf�_IX?mt_Mk+UIf��Nmtoto
��f�U}X�|
qec5_Ø\�mtÔ^\l�
|?×/Ð#cr_^]ôUMÑ'otmnh�c[_Mf�onv=�#U^o¸_Mf�mnêrcrX
��\�U^k+U^h*a;Q�Z�\
mta2k9_MÔIÔ^crXÒÐ#cr_M]à�NmnotoCÐ#c`|
a+crXVÐ}v8k�\�c
Õ on|
c|{ºce×?�*crf+mt]�c;hWkbM*6 O k+U&agc[_Mf9q9\�Ñ�U^fCc;×?UMk+m¸q"]�c[agUIh
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